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Abstract: TiO, photocatalysts doped with various concentrations of Cr and WO; were prepared by sol-gel synthesis to
achieve stable photoactive reactions in the visible light region and to be applied to the glass surface. Their activity was
measured and compared under a 500 W xenon light source by artificial sunlight using methylene blue and methyl orange
decomposition methods, and Cr in a 3.8% molar ratio and 10 mg of WO; were set as the optimum composition ratio.
No change in the TiO, crystal structure due to the doped atoms was observed through X-ray diffraction analysis. After
dipping and coating the photocatalyst on a glass plate, the anatase phase structure, smooth surface, and enhanced pho-
toactive properties were observed as a result of the same analysis. The photocatalyst manufactured using the components
and composition ratios proposed in this study can be widely applied in industrial, medical equipment, and tissue engi-
neering fields.

Keywords: Cr/WO; doped TiO,, visible light responsible photocatalyst, glass coating, medical lens, anti-pollution.
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Table 1. Ti/Cr Composition of Cr-doped TiO,

Ti (mol) Cr (mol) Cr (%)
0.05 0.0006 1.2
0.05 0.001 1.9
0.05 0.002 3.8
0.05 0.003 5.7

dol HEF AR FATH 2 & 7] JAHES
400 CollA 3A]7F 59t G2 (calcinations)S 21 A]
T 99y AERl FEME JE 2% & BASIAT

WO; =3342 47] 71%3% W& F chromium nitrate
nonahydrateS 0.002 mol(0.8 g}& A&l3te] 78l & WO S
3,5, 10, 22|32 30 mge 242t 7hslo] 7] W82t FULshAl
2183131

felofl Z&0lel FE. freisztel=el Sio, AxE ZYS
Z183}7] 980 tetraethyl orthosilicate 1.386 g3} isopropanol
18.83 g, 7 0.24 g2 &35 8o 2] Sglol=5 13
R F 100 T2 20| 158 FF A=RsFAC)

QA A3t FEm) S8l ethoxyethoxy ethanol(EEE)
30 g, acethylacetone(AcAc) 12 mL, Z2] 3L terpineol(TPO)
50 g& &5 SaA1Z1 g Sio, AAEE fe EEel=E
HIE A7 F 1057 100 T QB AZAAFA
SiOyt ”E FElE F5v ol Parstar 100 TolA
1027F Z1xsks W o= 33] Y-S IS, 400 CTolA
3AIZE Bt GABIAA F=AUTH

ZEo| AYstE A ZMEYN. =39 oilsiEERs
Zujjo] A 3] -hulle F4[Xeray diffraction(XRD) patterns]
£ Cu-Ka radiation(A=0.15406 nm), 40 kV<} 100 mAl A
1/min®] & %=2 diffractometer(D8 advance; Bruker AXS,
Karlsruhe, Germany)Z ©|-&3}o] 41319t}

Cro] %ol m& F=Fm e Cr/Ti EH] 2] #412 Rh tube
radiation source”} 21 A2 33J44]7] PANalytical Axios
X-ray fluorescence spectrophotometer(XRF) analyzer(PANalytical
Inc., Almelo, Netherlands)E AFE-3I0 T, A& I9-CE =
S AZbete] FA o AHg-3k3

I E ZE0ie] EH X ST 2AE =3E F507t
FHE 89 BHAEHE B3] s tREdn (digital
microscope: A-2111; Dino-Lite, Taiwan)yg A&-3}53t}.

Cr/WO; =34 TiOy} ZHE 713 FHEE 43
3171 $18ll UV-Vis spectrophotometer(Models-3100, SCINCO
CO., Ltd., Seoul, Korea)S ©]-&3}1t}.

ZEoljo| EMEM. Cr/WO, =3F TiO, F=vje] A4
wedl EF (methylene blue, MB)?] &3l =& =43}
Bt 2t 2Ew) 99t 60 mgS 50.0 mLe] MB &
(4 mgL)ell A7tk 2 & SFES 1AZF 53t el

1 rlo
l'E m}g
o

:



S FAe oJal AxE 7 whed

wRksle] FEa) FHO| 2kAel MB £4F Alole] S HES
ShH 3 & 500 W A= = (xenon-lamp)g ARSI, B39
23E JERHA gtk

ool 7S 0, 10, 30, 60, 90, 120, 180F%5<k, 1251
FEu) 7t IR E fElEEFe] E(76x26 mm?)= 0, 60, 120,
180, 300 &<t A4l -71A18A 8 B=A|(SCINCO Co.,
Models-3100)°14 664 nmolAe] T35 Wsls A=gto =z
A MBe| #IHEE Bl & 5 ATt

He o] 52 gl Fao] gk A1 585 flsto
FE7F U Zhzke] vE QMR8 (0, 1, 2, 4, 8, 12 ug/mL)yS
THISIAL 465 nmollM o] F3= A& Foto] BT I
Mg AUt WE e AA] 20 mg/L &AL FA|5}AL o] &

30 mLol| ZH2F o2 Fx2] WO4(3, 5, 10, 30 mg) Cr/TiO,
FEE 33 I8 7= A= 27 76x26 mm’ ]l #E] &
Zho]=o] T F 500 W X“ﬂi 2 3 (xenon-lamp)3lol A 1A4]
l:]— o R4 —QLO“-J 465 anﬂ/ﬂ-/] 53

A HYEADIORF) BB, Cro] T 209 TO,
B0 Holl AA =34 42 S48 918 CrTiel EA
H|Z Table 2¢] XRF tloEl= L}E}Lﬂiiu}. Cro] =3% Tio,
WellA Cre] ke 12, 2, 4 2 5.7%2] ZH|Z 3ol Fglo.
), o] A= ALk o]24 3 ALl dRJskE AS gkl
6]— "‘ 19}\];],

°“**1 S|HmE 24 (XRD) éJ—} Eehr s gt
o=z 200 Collr Exlz] 4 ¥ ohjelolA (anatase phase)
oF FA o] o] AT} 400 CollA] R} Figh of
UEtolA| 9} 2k H]go] BHEIOIE (brookiteyd= 2ol
ZHET) 600 C FE FERY (rutile) Ao] 32HE] 7] Al ZFahH A
800 CollX+= 743t FeF (rutile) “do] #a= = FSHuj=
A EIEAY o] 32eVE B ZloR el ofubElelA] A
(anatase phase)®] 5313 400 CE 23 IA7] 2= 7
o2 Foela ¥ AES 7aYsHATh Y Figure 161419} 2¢
o] Cro] =3 ¥ TiO, #ZFv 9] XRD 27} o FPHd=Z o}

Table 2. Results of X-ray Fluorescence Spectrometry (XRF) of
Cr Doped TiO, According to Cr Concentration

Ti Cr

98.9 (100%) 0 (0%)
98.5 (98.8%) 123 (1.23%)
97.7 (98%) 2.08 (2%)

95.3 (95.8%)
93.8 (94.3%)

4.17 (4.2%)
5.69 (5.7%)
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Figure 1. XRD patterns of Cr doped TiO, according to Cr concen-
tration.
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Figure 2. Photocatalytic activity of Cr-doped TiO,: (a) 1.2%; (b) 1.9%;
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Figure 3. Photocatalytic activity of Cr/WQO;-doped TiO, and standard
quantitative curve: (a) 3 mg; (b) 5 mg; (¢) 10 mg; (d) 30 mg WOs;.
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Figure 5. Characterization of the Ct/WO;-TiO, photocatalyst-coated glass plates: (a) XRD pattern; (b) measurement of absorbance in the vis-
ible light region; (c) surface morphology photograph of uncoated glass plate; (d) surface morphology photograph of Ct/WO;-TiO, photo-

catalyst-coated glass, x250, scale bar: 400 um.

B3l 7PN e] S B RS Hlwslt). Figure
5(b)llA ek o] Cr/WO, =¥ Tio,7t ZHE 22l 3%
yeA] 7 7] frE] SEtolzol BlEl AR Gl &
FETL AUA o R FUHEE Aol #EEJ e, o= M
B el S5 Fl B vheol dE= A oY
g Avketa ket a2y 3R 8RS S AR
73] T3t ErFs s Aot obd tiere] 7HAgAl
o] Tk AR Holent B HEgk 9% Ao
2 #E) Figure 5(c)2Hdye 5 a9t Cr/Wo, =3%
TiO,7t ZBE flo] BH 5 25002 s AlS
eIt BFulE el Z¥sks 3800 SJAAT
ethoxyethoxy ethanol(EEE)¥} terpineol(TPO) 2 acethylacetone
(AcAc)?] 7158 H==x43} titanium isopropoxide®] $F43}
2k8-8 Fote] A2, Ul SIF O R Bheks YA F Al
= 715S 7L Aok o]FAl RS A Ao R
At FFEHI Ao FARE o] 2N Xl Hole
FAE g1 & AT

#e2lo ZEE CrWO, T2 E TiO, ZX0He| &4 H|w.
frelel ZHE /WO, =3 TiO, 335m ] 48 2ls)

0.25+

0.20-

0.15-

0.10-

Absorbance

400 500 600 700 800
Wavelength (nm)

Figure 6. Photocatalytic activity of the Cr/WO;-TiO, photocatalyst-
coated glass plates and methylene blue photograph before and after
reaction (300 min).

A B S ABAOH, Figure 6149k o] Azbe] wh
QaAREMB)] AT BT 4 ) ST

Polym. Korea, Vol. 48, No. 3, 2024



338

2

el
Pt

¢

2
rot
o
-0,
oS
o

= felEwe] IYso] Qe
= 3002704 AA el 9
%]Qq c}]}: :ﬂ-zﬁu]]sq %L}BLO_ )05}

A= 0T 2 T1uves

pocAN )
Rloox
>
i
:
¥0, X I

%
)
Ky

ZhdEtal AEA =2 7HAEA T Bl WOk
Cr # Ti 374 &g o83 =4 Uy

Zo g2 AxHJE CyWO, =HE TiO, ZFEr o] Ax x4
FEm) 84, 444, 29 §

oL o

=
ye,
M
x
BN
ox
=
o
4y
ol
%
tlo ¥

st sigint. ol AP o=RE CrTiel 23 2vle 3.8%
A Ao G ol Crol FrHol whet B
o] Aaste Zlo] AEH. CrWO, =38 F TiO, 35
w7t ZRE FE SEtel=e Al S50 B o
A ¥ FEHE AT F ASdTh H2 Aol okt
ElelE<ll W, Fe, V, Mo, Mn 2 Crg& =3 Al 7P &
T 5293 vlaeiA dnk e s mdilete] Eeiert

€,
&

ZAtel 2: £ d7E 20249% Tri st B3k ]
AAoZ ATHYE.

Olaf&tE: AAk= olal 3ol glas AAdTUH

1. Sari, Y.; Gareso, P. L.; Armynah, B.; Tahir, D. A Review of TiO,
Photocatalyst for Organic Degradation and Sustainable Hydrogen
Energy Production. Int. J. Hydrog. Energy 2024, 55, 984-996.

2. Pigtkowska, A.; Szymanski, K.; Mozia, S. Effect of Sulfur on the
Solar Light Photoactivity of TiO,-based Photocatalysts. Chem.
Eng. Res. Des. 2023, 195, 721-731.

3. Zahra, S.; Chang-Seo, L.; Fariborz, H. TiO, Photocatalyst for
Removal of Volatile Organic Compounds in Gas Phase — A Review.
Chem. Eng. J. 2018, 334, 2408-2439.

4. Rosenthal, M.; Biktagirov, T.; Schmidt, W. G;; Wilhelm, R. Synthesis
of New Graphene Oxide/TiO, and TiO,/SiO, Nanocomposites
and Their Evaluation as Photocatalysts. Catal. Sci. Technol. 2023,
13, 4367-4377.

5. Sharotri, N.; Sharma, D.; Sud, D. Experimental and Theoretical
Investigations of Mn-N-co-doped TiO, Photocatalyst for Visible
Light Induced Degradation of Organic Pollutants. J. Mater. Res.
2019, 8, 3995-4009.

6. Chen, A.; Chen, W. F.; Majidi, T.; Pudadera, B.; Atanacio, A.;

Zan, A)484 A35, 20243

19

Manohar, M.; Sheppard, L. R.; Liu, R.; Sorrell, C. C.; Koshy, P.
Mo-doped, Cr-Doped, and Mo—Cr Codoped TiO, Thin-film
Photocatalysts by Comparative Sol-gel Spin Coating and Ion
Implantation. Int. J. Hydrog. Energy. 2021, 46, 12961-12980.

7. Giannakas, A.; Bairamis, F.; Papakostas, 1.; Zerva, T.; Konstantinou,
L. Evaluation of TiO,/V,05 and N,F-doped-TiO,/'V,0s Nanocomposite
Photocatalysts Toward Reduction of Cr(VI) and Oxidation Reactions
by OH Radicals. J. Ind. Eng. Chem. 2018, 65, 370-379.

8. Anwar, D. I.; Mulyadi, D. Synthesis of Fe-TiO, Composite as a
Photocatalyst for Degradation of Methylene Blue. Procedia Chem.
2015, 17, 49-54.

9. Meftah, M.; Jafari, S. H.; Habibi-Rezaei, M. Fabrication of Mo-doped
TiO, Nanotube Arrays Photocatalysts: The Effect of Mo Dopant
Addition Time to An Aqueous Electrolyte on the Structure and
Photocatalytic Activity. Ceram. Int. 2023, 49, 11411-11422.

10. Mioduska, J.; Lapinski, M. S.; Karczewski, J.; Hupka, J.; Zielinska-
Jurek, A. New LED Photoreactor with Modulated UV—vis Light
Source for Efficient Degradation of Toluene over WO5/TiO,
Photocatalyst. Chem. Eng. Res. Des. 2023, 193, 45-157.

11. Spanu, D.; Recchia, S.; Mohajernia, S.; Schmuki, P.; Altomare,
M. Site-selective Pt Dewetting on WO;-coated TiO, Nanotube Arrays:
An Electron Transfer Cascade-based H, Evolution Photocatalyst.
Appl. Catal. B. 2018, 237, 198-205.

12. Riboni, F.; Bettini, L. G; Bahnemann, D. W.; Selli, E. WO5;~TiO, vs.
TiO, Photocatalysts: Effect of the W Precursor and Amount on the
Photocatalytic Activity of Mixed Oxides. Catal. Today 2013, 209, 28-34.

13. Balayeva, N. O.; Fleisch, M.; Bahnemann, D. W. Surface-grafted
WO,/TiO, Photocatalysts: Enhanced Visible-light Activity Towards
Indoor Air Purification. Catal. Today, 2018, 313, 63-71.

14. Koh, P. W.; Yuliati, A. L.; Lintang, B. H. O.; Lee, S. L. Increasing
Rutile Phase Amount in Chromium-Doped Titania by Simple
Stirring Approach for Photodegradation of Methylene Blue under
Visible Light. Aust. J. Chem. 2014, 68, 1129-1135.

15. Wang, C.; Shi, H.; Li, Y. Synthesis and Characterization of
Natural Zeolite Supported Cr-doped TiO, Photocatalysts. Appl.
Surf. Sci. 2012, 258, 4328-4333.

16. Hao, B.; Guo, J.; Zhang, L.; Ma, H. Cr-doped TiO,/CuO Photocatalytic
Nanofilms Prepared by Magnetron Sputtering for Wastewater
Treatment. Ceram. Int. 2022, 48, 7106-7116.

17. Swathi, K. S.; Gopalakrishna Naik, K. Structural, Morphological,
and Optical Studies of Sol-gel Spin Coated TiO, Thin Films.
Mater. Today: Proc. 2023, 92, 1149-1153.

18. Vafaei, S.; Splingaire, L.; Schnupf, U.; Hisae, K.; Hasegawa, D.;
Sugiura, K.; Manseki, K. Low Temperature Synthesis of Anatase
TiO, Nanocrystals Using An Organic-inorganic Gel Precursor.
Powder Technol. 2020, 368, 237-244.

19. Jyothilakshmi, V. P.; Sindhu, S. Rutile-to-anatase Reverse Phase
Transformation in Nano Titania with Morphological Changes in
a Hydrothermal Approach. Int. J. Appl. Ceram. Technol. 2022, 9,
2427-2436.

TR BRIME: SFTEAIE AR B D 79 250
B 43t BEsiel U2 AT

(M



